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Extended Abstract

Background and Objectives

Water infiltration is one of the most important indicators of soil physical quality and is strongly influenced by soil
organic matter (SOM). Soil organic matter improves soil structure, porosity, and permeability while reducing the
risk of soil erosion. Identifying the SOM threshold associated with improved water infiltration can help clarify soil
hydrological behavior and support effective soil and water management in semi-arid regions. The objective of this
study was to determine the critical threshold of SOM controlling water infiltration. Specifically, we examined the
relationship between SOM and mean infiltration rate and used piecewise regression to identify the breakpoint and
corresponding the SOM threshold. The findings are expected to provide a clearer understanding of the nonlinear
role of SOM in the water infiltration process and establishing a scientific basis for improving infiltration modeling
and promoting sustainable soil and water management in semi-arid region.

Materials and Methods

Water infiltration at each sampling site was measured using a double-ring infiltrometer following the method
described by Bouwer (1986). The recorded field data were subsequently used to calculate mean infiltration rates.
Soil samples were collected both as disturbed and undisturbed cores. Disturbed samples were collected from 0-60
cm to determine selected physical and chemical properties, whereas undisturbed samples were collected from 0—
20 cm for bulk density determination. Particle-size distribution was determined according to the USDA textural
classification system. Soil electrical conductivity and pH were measured in the saturated paste extract. Soil organic
matter content was determined by potassium dichromate oxidation in an acidic medium, and calcium carbonate
equivalent was measured using the acid neutralization method. Bulk density of undisturbed samples was
determined using a metal cylinder (5 cm diameter x 5 cm height). Aggregate stability for aggregates smaller than
8 mm was assessed using the wet and dry-sieving method. To identify the threshold level of soil organic matter
for water infiltration, an analytical approach was applied. First, a nonlinear piecewise regression model was fitted
using various Python packages (scipy.optimize, NumPy, and Pandas) within the Google Colab environment
(Python 3.x), employing a nonlinear least-squares algorithm. A 95% confidence interval was used to estimate the
uncertainty associated with the threshold value. The model aimed to identify an optimal breakpoint in the
relationship between soil organic matter and water infiltration, where a significant change in slope occurred. Prior
to threshold determination, descriptive statistics including minimum, maximum, mean, coefficient of variation,
and standard deviation were computed. The effects of the organic matter threshold on water infiltration were
evaluated through the following steps: (i) data stratification and group-wise analysis, whereby the dataset was
divided into two groups based on the breakpoint identified by piecewise regression and descriptive statistics were
calculated for each group; (ii) comparison of means using an independent t-test with pooled variance to assess
significant differences in infiltration indices between the two groups; and (iii) within-group linear regression
analyses, in which simple linear models were fitted separately for each group to examine the nature of the
relationship between soil organic matter and water infiltration, and coefficients of determination (r?) were
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calculated. Graphical analyses and means comparison were performed using Microsoft Excel (2016), the Python
programming language (Version 3.x), and SPSS software (Version 2022).

Results

Correlation analysis showed a significant positive association between soil organic matter (SOM) and mean
infiltration rate (MIR) (r = 0.51**). Specifically, the MIR showed significant positive correlations with both the
mean weight diameter (MWDye) (r =0.47**) and the geometric mean diameter (GMDuet) (r =0.49**) of water-
stable aggregates. The SOM was also positively associated with both MWDwet (r = 0.57**) and GMDyt (r =
0.55**). Piecewise regression analysis identified an optimal threshold (breakpoint) of 1.5% SOM in the
relationship between the SOM and MIR. The means comparison before and after the breakpoint using an
independent samples t-test confirmed a highly significant difference in water infiltration between the two groups
(p<0.01). The corresponding Cohen’s d was 0.81, indicating a large effect size. In soils containing more than 1.5%
organic matter, the SOM explained 32% of the variation in water infiltration. This finding suggests that once this
threshold is exceeded, SOM becomes a relatively strong controlling factor that facilitates water infiltration into
the soil. Overall, the results indicated that increasing SOM beyond 1.5% substantially enhanced water infiltration.
The MIR was 19.27 cm ht in soils containing less than 1.5% organic matter, whereas it increased to 32.89 cm h1
in soils with organic matter content above this threshold, representing an approximately 67% increase in water
infiltration rate after exceeding the critical organic matter threshold.

Conclusion

This study clearly demonstrated that soil organic matter (SOM) is one of the most important soil properties
influencing water infiltration. The relationship between soil water infiltration and SOM content was found to be
nonlinear and threshold-dependent, indicating that simple linear models were insufficient to accurately describe
this behavior. The application of piecewise regression enabled the identification of a breakpoint in the relationship
between the average infiltration rate and SOM content. Based on this analysis, the SOM content of 1.5% was
identified as the threshold influencing the infiltration rate in the semi-arid soils of the study area. This study
demonstrated that, in the semi-arid region of the study area, the SOM content of 1.5% represents a critical threshold
at which SOM begins to exert a significant influence on soil structural stability and water infiltration.
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Table 1- Descriptive statistics of soil properties (68 samples).

Soil variable Mean Min Max Sd CV (%)
Sand (%) 43.15 5.90 82.75 15.12 35.04
Silt (%) 31.87 6.44 51.28 9.21 28.91
Clay (%) 24.98 6.43 45.14 8.42 33.69
pH 7.93 6.96 8.51 0.36 4.53
EC (dSm?) 1.51 0.40 6.15 1.21 79.86
OM (%) 1.27 0.01 4.32 1.01 80.16
CaCOs (%) 17.65 0.00 47.50 9.27 52.52
GMDyet (mm) 0.71 0.41 1.09 0.13 18.27
MWDyt (Mm) 0.82 0.09 1.98 0.38 46.48
BD (g/cm®) 1.09 0.83 1.52 0.12 11.08
MIR (cm h?) 24.08 5.30 86.93 16.87 70.06

OM: Organic matter,EC, Electrical conductivity, BD: Bulck density, GMDuet: Geometric mean diameter of
water-stable aggregates MWDyer: Mean weitgh diameter of water-stable aggregate, MIR: Mean infiltration
rate.
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Figure 2- Water infiltration rate curve for land uses of forest (2 points), garden (8 points), agronomy
(13 points) and pasture (45 points).
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Table 2 - Simple Pearson correlation coefficient between measured variables (n= 68).
Variables  Sand Silt Clay pH EC OM CaCO; GMDwe MWDwe: BD MIR

Sand 1.00

Silt -0.87"  1.00

Clay -0.84™ 047"  1.00

pH -0.03 0.01 0.04  1.00

EC -0.06 -0.01 0.12 0_4'3** 1.00

oM -0.23 014 026" -012 026" 1.00

CaCOs -0.08 0.13 -0.01 -028" 014 -0.07 1.00
GMDyet -0.03 0.03 0.02 008 001 055" -0.00 1.00
MWDye:  -0.24" 0.23 0.19 008 -001 057" -0.05 0.86™ 1.00

006 -0.13 -0.52"  0.17 -0.39™ -0.57™ 1.00

OM: Organic matter; EC: Electrical conductivity; BD: Bulck density; GMDuer: Geometric mean diameter of
water-stable aggregates; MIR: Mean infiltration rate.
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Figure 3 - Comparison of average infiltration rate with organic matter values above and below the
threshold.
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Figure 4 - Linear relationship between weighted and geometric mean diameter of soil aggregates and

organic matter in the range below the threshold of 1.5 percent (black circle) and above the threshold of
1.5 percent (white circle).
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Figure 5 - Relationship between mean infiltration intensity (MIR) and soil organic matter (OM) content
below (black circles) and above the threshold of 1.5 percent (white circles).
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